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 Introduction

Cystic pulmonary lesions of the newborn are a rare congenital 
anomaly and in one study were found to have an incidence of 1 per 
25,000–35,000 births [1]. These lesions consist of congenital pulmonary 
airway malformations (CPAMs),  bronchopulmonary sequestrations 
(BPS), and congenital lobar emphysema (CLE). CPAM, previously 
known as congenital cystic adenomatoid malformation (CCAM), is 
characterized by a lack of normal alveolarization with an increased num-
ber of terminal bronchioles that are cystic in nature. The cysts within 
these lesions range from less than 1 mm in size to greater than 10 cm. 
Based upon size of the lesions, CPAMs can be described as macrocystic 
(lesions greater than 5.0 cm) or microcystic. While the abnormal bron-
chioles do not participate in normal gas exchange, they maintain their 
connection with the normal tracheobronchial tree [2, 3]. This communi-
cation can lead to overinflation during aggressive attempts at resuscita-
tion in the neonate. Inadequate clearing of normal respiratory bacterial 
pathogens may lead to recurrent pneumonias [2]. Unlike BPS, CPAMs 
only receive blood supply from the pulmonary artery. CPAMs may show 
malignant degeneration if left unresected (pulmonary blastoma and 
rhabdomyosarcoma in infants and young children, bronchoalveolar car-
cinoma in older children) [4].

Bronchopulmonary sequestration consists of lung parenchyma that 
does not communicate with the tracheobronchial tree. These lesions can 
be extralobar or intralobar. As mentioned previously, the lesion derives 
its arterial supply from an aberrant systemic vessel [5]. Care must be 
taken during operative resection to identify and control this vessel as it 
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may originate from the abdominal cavity [2]. Similar to CPAM, symptoms 
of BPS may include respiratory distress and recurrent pneumonia. As in 
the case of CPAM, elective resection is recommended.

Congenital lobar emphysema is characterized by overdistention of 
the affected lobe due to emphysematous changes resulting from a variety 
of causes. This is fundamentally due to normal passage of air into the 
lung with decreased expulsion of air on expiration. The underlying 
pathology may be due to abnormal bronchial cartilage, partial obstruc-
tion due to inspissated mucous or mucosal proliferation, or external 
compression of the cartilage. The majority of the cases of CLE affect the 
left upper lobe [2]. Resection of the  emphysematous lobe is dependent 
upon symptomatology. Unlike CPAM or BPS, children with mild or no 
symptoms do not require resection.

 Prenatal Diagnosis

Pulmonary lesions are routinely diagnosed on prenatal ultrasound. 
The differential diagnosis includes congenital diaphragmatic hernia, 
congenital lobar emphysema, bronchopulmonary sequestration, foregut 
duplication cyst, and mediastinal cystic teratoma. Postnatally they can 
be confused with congenital diaphragmatic hernia or pneumatocele. 
Fetal MRI may be used to differentiate between these lesions ultimately 
allowing for improved prenatal and postnatal care as well as prenatal 
counseling of the family [6] (Fig. 14.1). The size of the pulmonary 
lesion is significant prognostically. Compression of the esophagus may 
lead to polyhydramnios due to abnormal fetal swallowing of amniotic 
fluid. Compression of the mediastinum by a large lesion may result in 
compression of the heart and great vessels ultimately leading to 
hydrops fetalis. CPAM volume ratio (CVR) can be determined using 
prenatal ultrasound by determining the CPAM volume and dividing by 
the head circumference to standardize for fetal size. A CVR greater 
than 1.6 is predictive of increased risk for hydrops [7]. CVR can then 
be useful for determining which CPAM’s require increased level of 
surveillance prenatally. CPAMs reach maximal growth before 28 weeks 
of gestation. Following this time period most CPAMs either plateau in 
size or regress [2].
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 Preoperative Evaluation and Treatment

Management of a fetus with a cystic pulmonary lesion is dependent 
upon the symptoms present. Prenatal management of CPAM may con-
sist of steroid treatment in fetuses with a CVR greater than 1.4. 
Betamethasone has been shown to arrest growth of CPAM with subse-
quent improvement in hydrops symptoms [8]. A fetus that has been 
diagnosed with a macrocystic CPAM complicated by hydrops may be 
treated with thoracoamniotic shunting. Microcystic or solid CPAMs that 
present with hydrops have been approached with fetal surgery [9]. A late 
gestation fetus with hydrops may benefit from an ex utero intrapartum 
therapy (EXIT) approach [4, 10]. The fetus with a CPAM without 
hydrops should be managed with planned delivery and neonatal evalua-
tion and eventual surgery.

All newborns prenatally diagnosed with a congenital pulmonary 
lesion should have a baseline radiograph at the time of birth. Surgical 
management should be based upon whether the newborn is symptomatic 
from the lesion. Infants with hemodynamic or significant respiratory 

Fig. 14.1. Prenatal MRI of a twin gestation fetus with multilobar CPAM. Arrow 
points to the affected fetus and the lung.
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compromise may need immediate resection. Extracorporeal membrane 
oxygenation (ECMO) has been used in some of these cases [2]. 
Persistent tachypnea, oxygen requirement, poor weight gain, and inabil-
ity to feed orally are indications for early resection prior to discharge 
from the hospital. Asymptomatic children may be discharged and fol-
lowed up as an outpatient. At our institutions, we typically perform 
preoperative imaging using computed tomographic scans at 3 months of 
age. Lesions are typically isolated to a single lobe; however, multilobar 
CPAM has been documented and will affect surgical decision-making 
(Fig. 14.2). It may be difficult to differentiate an extralobar sequestration 
from an intralobar sequestration radiographically. Attention should be 
paid to look for a systemic blood supply to the lesion to assist in dif-
ferentiation of CPAM from BPS. Additionally, identification of a sub-
diaphragmatic feeding vessel will assist with operative planning 
(Figs. 14.3 and 14.4).

 Technique

Resection of pulmonary lesions has been classically performed 
through a posterolateral thoracotomy. Over the last decade and a half, 
surgical resection through a minimally invasive approach has become 

Fig. 14.2. CT scan showing multilobar CPAM involving the entire right lung.
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more commonplace. We recommend surgical resection, using a mini-
mally invasive approach, when the infant is 3–6 months old. Children 
who present with infected lesions are recommended to undergo adequate 
antibiotic therapy for the infection prior to resection of the lesion. 
Minimally invasive approach is still a viable option in children who have 
had pneumonia; however, there has been a documented increase in con-
version to open thoracotomy in these children [11].

Fig. 14.3. CT scan showing a systemic feeding vessel to a right pulmonary BPS. 
Arrow identifies vessel. This vessel ultimately arose from the celiac plexus.

Fig. 14.4. Systemic feeding vessel of intralobar bronchopulmonary sequestration.
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 Minimally Invasive Approach

The child should be placed in the lateral decubitus position with the 
affected side up. Adequate padding of all bony prominences as well as 
proper positioning of an axillary roll should be ensured. Small gel rolls, 
placed anteriorly and posteriorly, are adequate to prevent patient move-
ment in younger children. In older children, we use a beanbag under-
neath the patient as our preferred method of stabilization. Central venous 
lines, arterial lines, and bladder catheters are not required intraopera-
tively. Management of the airway requires an anesthesiologist experi-
enced in pediatric airways to ensure adequate single-lung ventilation. A 
techniques available for isolating the contralateral lung includes double-
lumen endotracheal tube in older children and adolescents. In younger 
children, a Fogarty balloon catheter (Edwards Lifesciences, Irvine, CA) 
may be used as an endobronchial blocker with placement of a single-
lumen endotracheal tube. This technique is more difficult in children 
less than ~5 kg because the bronchial blocker itself fills much of the 
lumen of the endotracheal tube making ventilation more difficult. We 
have passed the blocker extraluminally in order to alleviate this problem. 
Infants may require main stem intubation of the contralateral bronchus 
due to the narrow airway [11]. The use of a mild tension pneumothorax 
may also be useful in helping to collapse the ipsilateral lung and improve 
visualization. We use a pressure of no more than 4–5 mmHg. Flexible 
bronchoscopy is necessary to ensure proper placement of the endotra-
cheal tube and bronchial blocker during initial placement and after 
repositioning of the patient. We do not place epidural catheters for pain 
management except in rare instances when conversion to an open proce-
dure is needed.

The surgeon and assistant both stand on the same side of the patient 
depending on the lobe to be resected. We prefer to stand at the front of 
the patient with the monitor at the patient’s back for lower lobes and the 
reverse for upper lobes. Local anesthetic is infiltrated at each trocar site. 
A veress needle is used to enter the chest cavity through a Step radially 
expanding sheath (Medtronic, Minneapolis, MN). Alternatively, a 
direct cutdown and placement of the initial trocar and reusable trocars 
may be used. The hemithorax is then insufflated with low-flow, low-
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pressure carbon dioxide to aid in collapse of the affected lung. This 
initial entry site is typically through the fifth or sixth intercostal space 
beneath the tip of the scapula in the anterior axillary line for lower lobes 
and the posterior axillary line for upper lobes. Entry at this site will 
allow for visualization of the major fissure and the underlying pulmo-
nary parenchyma [12] (Fig. 14.5). Subsequent ports are then placed 
such that the camera port overlies the fissure. We typically use three 
5-mm ports (two working ports and one camera port). In smaller babies 
we often use two 3-mm ports and one 5 mm to allow for use of the 
Ligasure (Covidien Energy Devices, Boulder, CO). For upper lobes all 
ports are placed in line in the posterior axillary line, while lower lobes 
have the ports placed in line in the anterior axillary line (Figs. 14.6 and 
14.7). A fourth stab incision for insertion of an instrument to assist with 
parenchymal retraction or suction is placed in the lower chest in the 
8–9th interspace. We use the anterior and posterior axillary lines as 
landmarks because it allows the operating surgeon to place the venous 
anatomy of the lung lobe between themselves and the monitor while the 
arterial anatomy is always fixed within the fissure. Alternatively, sur-
geons may choose to adopt a triangulation method with placement of 
ports in the anterior, posterior, and midaxillary line using the location 
of the lesion as the focal point of the triangle.

Resection of pulmonary lesions is typically through formal lobec-
tomy. In the case of multiple lesions affecting multiple lobes, segmental 

Fig. 14.5. Image on initial entry into thoracic cavity overlying major fissure. 
Affected lobe is in the superior portion of the image.
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Fig. 14.6. Recommended port placement along posterior axillary line for upper 
lobe lesions.

Fig. 14.7. Recommended port placement along anterior axillary line for lower 
lobe lesions.

R.L. Ricca and J.H.T. Waldhausen



187

resection may be appropriate to preserve pulmonary parenchyma. The 
steps in dissection vary depending upon the affected lobe and follow the 
same principles as open thoracotomy [13]. Completion of the major and 
minor fissure allows for visualization of the pulmonary vasculature and 
segmental artery branches. Division of the arterial branches is followed 
by division of the pulmonary veins (Fig. 14.8). Initial division of the 
pulmonary artery prevents parenchymal congestion and preserves the 
intrathoracic work space. The Ligasure has proven to be an effective 
method of dividing pulmonary parenchyma to complete division of the 
fissure. This device has also been shown to be an effective method of 
 division of pulmonary vessels <7 mm in size. We currently use either the 
LS 1500 5-mm laparoscopic sealer/divider or the LF 1737 laparoscopic 
sealer. The LS 1500 has a blunt dolphin- tip while the LF 1737 has a 
Maryland tip. The Maryland tip we find beneficial for dissection espe-
cially around vessels. Multiple vessel sealing devices are available cur-
rently (Harmonic, Gyrus, JustRight sealer); however, we have routinely 
utilized the Ligasure system. For larger vessels, control with an endo-
scopic hemoclip (Auto Suture ENDO CLIP, Covidien) or with intracor-
poreal suture ligation followed by division using an energy-based 
sealing device has been described [11, 14].

Fig. 14.8. Dissection of segmental vessel using Maryland dissector.
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Following division of the pulmonary vasculature, attention is turned to 
the segmental bronchus. In larger children, an endoscopic stapler can be 
utilized; however, this may require placement of a 12-mm port. In some 
instances, the newer 5-mm staplers may be used. In infants we prefer to use 
a locking hemoclip such as the Hem-o-lok system (Teleflex Medical, 
Research Triangle Park, NC) [15]. This ensures closure of the bronchus 
(Fig. 14.9). Alternatively, the bronchus can also be divided and sutured with 
a monofilament, absorbable suture or closed with an endoloop (Fig. 14.10). 
After division of the bronchus, the specimen can then be removed by enlarg-
ing the most inferior trocar site. We do not routinely utilize an endoscopic 
pouch for specimen retrieval. An evaluation is then made for any significant 
bronchial leaks by partially filling the chest with saline and ventilating to a 
pressure of 20-cm H

2
O. If one is discovered, this is suture ligated. An appro-

priately sized chest tube is placed in the most inferior incision. All wounds 
are then closed with absorbable sutures. The patient is extubated in the 
operating room and monitored overnight. We routinely remove the chest 
tube on the first postoperative day if there is no air leak, with discharge on 
the same day.

Management of bronchopulmonary sequestration is accomplished in 
the same manner. Identification of the systemic blood supply is para-
mount. We typically place a suture ligature or titanium clip (Fig. 14.11) 
around the artery to ensure adequate control and utilize the Ligasure to 
divide the vessel. For intralobar sequestration, lobectomy then proceeds 

Fig. 14.9. Locking hemoclip in place on bronchus prior to transaction. Vessels 
have been controlled with silk ties and Ligasure.
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in the same manner as described previously (Figs. 14.12 and 14.13). For 
extralobar sequestration, the lesion is invested in the pleura. Resection 
of the lesion can be accomplished using the Ligasure to divide the pleura 
without performing a formal pulmonary resection. Chest tubes may not 

Fig. 14.10. Final operative bed showing bronchus controlled with Hem-o-lok 
system and control of vessels with suture ligatures in the background.

Fig. 14.11. Cut edges of systemic feeding vessel after control with titanium clip 
and division with scissors.
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Fig. 14.12. Intralobar bronchopulmonary sequestration showing demarcation 
after division of systemic feeding vessel allowing for nonanatomic resection.

Fig. 14.13. Sealed parenchymal edge after nonanatomic resection using 
Ligasure LS 1500.
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be necessary in these cases and often just evacuate the hemithorax with 
a rubber catheter prior to final closure.

Recent literature has focused on segmental resection for the treatment 
of congenital pulmonary lesions. Segmental resection has been an 
accepted standard in the case of multilobar disease that allows for preser-
vation of pulmonary parenchyma. However, recent literature has sug-
gested that even in the case of focal disease that is peripherally located, 
segmental resection is a safe alternative. Advocates against nonanatomic 
resection point to the microscopic disease that may be left behind as it 
can be difficult to visualize the diseased lung when the lung is deflated 
[16, 17]. To perform a segmental resection thoracoscopically, port place-
ment proceeds as described previously; however, segmental blood vessels 
can be divided using a Ligasure. Pulmonary parenchyma can be divided 
safely with the Ligasure in small patients, obviating the need for an endo-
scopic stapler (Figs. 14.14, 14.15, and 14.16). We have adopted the use 
of a fibrin sealant over the cut edge of parenchyma to prevent an air leak. 
Postoperative management to include chest tube placement remains the 
same as previously described.

Fig. 14.14. Congenital pulmonary airway malformation (CPAM) amenable to 
nonanatomic wedge resection with no major bronchial or vascular 
communications.
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Fig. 14.15. Dissection of pulmonary parenchyma using Ligasure.

Fig. 14.16. Operative bed after nonanatomic wedge resection of previous 
CPAM.
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 Summary

• Thoracoscopic resection of pulmonary lesions is a safe alternative to 
open resection.

• Despite longer operative times, the minimally invasive approach has 
been shown in multiple studies to lead to decreased length of hospital 
stay, a shorter required time for chest tube, and an overall lower post-
operative complication rate [18–20].

• Lobectomy remains the current standard of care for resection of pul-
monary lesions; however, an increasing body of literature suggests 
that consideration for segmental resection for peripheral lesions may 
be a safe alternative with decreased morbidity [16, 17].

• Current limitations for a thoracoscopic approach include patient size 
and inflammation from recurrent pneumonias making dissection 
more difficult. However, an attempt at a minimally invasive approach 
is still recommended in these cases and can be accomplished safely.

• Newborn infants who present with symptomatic lesions may best 
treated with an open approach depending upon the associated physi-
ologic sequelae.

 – If a child has hemodynamic instability or compromise, an open 
approach may be the best alternative.

 – For those children with respiratory difficulty or failure to thrive 
from feeding intolerance, a minimally invasive approach is our 
preferred operative approach.

• Thoracoscopy in infants and children can be technically demanding 
but remains a viable option in the management of CCAM in the pedi-
atric population.

The views expressed in this publication are those of the authors and 
do not necessarily reflect the official policy or position of the Department 
of the Navy, the Department of Defense, nor the US Government.

I am a military service member. This work was prepared as part of 
my official duties. Title 17 USC 105 provides that “Copyright protection 
under this title is not available for any work of the United States 
Government.” Title 17 USC 101 defines a US Government work as a 
work prepared by a military service member or employee of the US 
Government as part of that person’s official duties.
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